Introduction
Floriculture represents a source of income for farming families. Thanks to traditional knowledge, families can produce a wide number of flower species, such as sunflower, madonna lily, heliconia, spikenard, tulips, etc. However, farmer's productivity is somehow limited due to the lack of information regarding the technical management of each species. In Mexico, there is a planted surface of 21,129 hectares, which are devoted to the production of flowers for decoration, with a total production of 83,000 tons of flowers, and a total production value of 6,097 million Mexican pesos. 80% of the total flower production is sold locally, 90% of the rest is exported to the United States (De la Madrid, 2009; Musalem et al., 2006) . The most important producers by state are the State of Mexico with 60.80%, Puebla with 15.24%, Morelos with 8.27% and Mexico City with 7.89%. These states make up a total national production of 92.99%. As far as the production of sunflower, in 2012, 91,722 tons were harvested in Mexico, with an average yield of 626.9 tons of flower per hectare. The most important producers were located in the states of Morelos and the State of Mexico (SIAP, 2014) .
It is important to note the difference between the production of sunflower for decoration and the production of sunflower used for forage or processed to produce oil for human consumption. When sunflower is used for forage or oil production, farmers want to produce plants with large capitula, with a higher seed production per plant. Furthermore, when sunflower us used as forage, farmers want to produce robust, taller and heavier plants. However, when sunflower used for decoration moderate size of capitula is preferred. In general, capitula with a diameter between 10 and 15 cm are preferred for flower arrangements. Sunflowers having a diameter between 7 and 8 cm are preferred for bouquets-type arrangements (Melgares, 2002) .
The production of sunflower can be conducted not only under greenhouse conditions, but also outdoors. However, the latter system is limited to some region of Mexico, spring and summer time are the two seasons when this system can be established (Altman et al., 1977; Melgares, 2002) . Among the sunflower hybrids produced in Mexico, some of the most important are Sun Rich Lemon, Sun Rich Orange, Sun Deep, Moonbright, Sunbirght, Sunbeam, Full Sun, Sun Goddes, Sunwheel, Type 61, Type 556, Type 555, Sun King, Schnittgold, Sungold, Golden Globe, Eversun, Golden Yellow, Eversun Bright Yellow, Evening Sun, Prado Red Shade and Sunseed (Melgares, 2002; Musalem et al., 2006) .
In the state of Campeche, although flowers are commonly produced, this activity has not been able to reach a social and economic impact as observed with other activities such as horticulture and fruit production. This indicates that flowers production represents a potential opportunity because the state of Campeche has the soil and weather condition needed for the majority of tropical flowers, particularly sunflower. Furthermore, information describing the amounts and total values of products generated are lacking. In spite of that, the income generated due to flower marketing is 850,000 Mexican pesos annually (Mausalem et al., 2006) . In the last five years, floriculture has been among the most important activities in the state of Campeche. Nonetheless, it is still considered as a relatively new activity for farmers, who commonly use family members to perform small scale agricultural activities. Many of these farmers having traditional knowledge can produce flowers from different species such as Madonna lylies, heliconia, spikenards, tulips, sunflower, etc. However, their productivity is limited due to the lack of information regarding the technical management of each species, which further decreases the productivity. Therefore, these small producers can only sell the flowers in local markets.
Because of that, further research on flower production is important in order to create ways for improving productivity. Increasing the size of land for flower production is also important to provide a wider range of products to the market.
The objective of the present study was to develop a set of management practices for sunflower production, which is expected to be beneficial to producers improving the quality of flower produced, and consequently increase their income. To do so, the response of four sunflower hybrids were evaluated (Sunbright, Prado Red Shade, Full Sun and GH-382) when applying differential irrigation regimes, under two doses of fertilization on flower production. We hypothesize that the evaluated hybrids have the quality and productive characteristics of the flower that will respond to the application of different levels of moisture soil tension at the start of irrigation and to different doses of fertilization.
Materials and Methods

Experimental Location and Climate Conditions
This study was conducted under field condition at the Center for Research, Production and Teaching "Xamantun " of the Technological Institute of Chiná, which is located on the Campeche-Tixmucuy road, km. 15. The geographic location are north latitude 19º43′20.9″, west longitude 90º25′04″ and being at 16 m above sea level. The predominant climate corresponds to AW 0, according to the classification described by Köppen and modified by Garcia (1973) , ambient characteristics are warm weather and sub humid with summer precipitations, distributed primarily from May to October, with an annual precipitation of 1,290 mm. When averaged by month, maximum ambient temperature ranges from 28.5 ºC (January) to 36.0 ºC (May) and minimum ambient temperatures ranges from 15.8 o C (January) to 22.5 ºC (May).
This study was conducted in a total Surface area of 500 m 2 in a ferric Luvisol soil, also known as Kan-kab in the Mayan language. The infiltration of water in this type of soil is fast, and commonly has low levels of organic matter.
Land Preparation
Preparation of the land was conducted using heavy machinery two months before planting. The preparation consisted on weed elimination, land plowing, harrowing and land leveling.
Installation of the Irrigation System
After land preparation, a trickle irrigation system was installed by using PVC pipes having a diameter of 2", butterfly valves of 2" diameter, and connectors having a caliber of 0.04 and T-Tape with a caliber of 8000. The water output capacity was 5.28 1 m -1 h -1 .
In order to control the irrigation, butterfly shut-off valves were installed. These valves allowed having a total control of the initiation and end of the irrigation in each experimental block.
Planting
Before planting, the land was irrigated continuously during 4 h in order to provide the appropriate conditions for seed germination. The distance between plants was 30 cm and the distance between furrows was 1 m. Two seeds were deposited at each planting site. Planting was conducted in April, 2007.
Experimental Design, Experimental Units and Treatments
The following factors were evaluated: 1) moisture tension at the time of irrigation, 2) hybrids and 3) fertilization doses in a sub Split plot arrangement, nested in a complete random block design with three replicates. The factor moisture tension at the time of irrigation was located in the larger plots (blocks), hybrids were located in the medium size plots and the soil fertilization doses were located in the small size plots.
1) Experimental units:
The larger plots (blocks), where the moisture tension levels were nested had dimensions of 10 m length × 5 m width (six furrows and 1 m spacing among them). The medium size plot, where hybrids were found had dimensions of 2.5 m width × 5 m length (three furrows widthwise) and the smaller size plots where the fertilization doses were found had dimensions of 2.5 m width × 2.5 m length.
2) Factor moisture tension at the time of irrigation:
The effect of irrigation was evaluated based on different values of the moisture tension in the soil at the time of irrigation. By doing so, we took into account that the water output from the soil to the plant root is determined primarily by this variable. This procedure has been widely accepted in similar studies. Three levels of moisture tension were tested, levels were -10, -35 and -60 kPa. The irrigation program applied to the larger plots was planned according to the moisture tension in the soil corresponding to each treatment, which was measured using the tensiometers of manometer installed at the center of each large plot, which had a porous capsule installed at 0.3 m deep immediately below the irrigation line.
The irrigation of each large plot was initiated when the reading of the manometer of the tensiometer reached the predetermined value and the irrigation continued until the manometer returned to cero (soil saturated with water). The irrigation time was recorded in each one of the larger plots within blocks. By doing so, the amount of water applied at each irrigation time for each treatment was calculated.
3) Factor hybrid: The levels (hybrids) were H1: "Sunbright". H2: "Prado Red Shade"; H3: "Full Sun", and H4: "GH-382".
4) Factor fertilization:
The levels of fertilization of soil were F1: Fertilization formula 60-50-0; F2 and formula 30-25-0. These levels were defined based on results of the chemical composition analysis of the soil from the experimental plot. The physical and chemical analysis of the soil was conducted by taking samples 20 cm beneath the surface in each block, and then these samples were composited by block. The composited samples were shipped to the department of soil science of the National Institute of Forestry, Agriculture and Livestock Research (INIFAP, for its acronym in Spanish), in the state of Campeche for the analysis of chemical composition. The analytical methods and their interpretation were based on the Mexican Official Norm (NOM-021- RECNAT, 2000) , and in the IFA (1992) standards. The physical and chemical analysis comprised: texture, pH, electric conductivity, organic matter content, and N, P, K, Ca, and Mg contents. Based on the results, the amount of fertilizer applied to each plot was calculated adjusting the levels of nitrogen and phosphorous, taking into account that the soils of the region have very high Ca content, and, in calcareous soils, P interacts with Ca forming low solubility calcium phosphates, reducing its availability for crops (Hedley & McLaughlin, www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 4; 2015 2005; Wang et al., 2005; Mc Beath et al., 2006; Sánchez, 2007) . Potassium was not added because the soil already had high concentrations of this nutrient.
The chemical ingredients used in the fertilizers were urea and triple lime super phosphate; the calculations were conducted according to Fernandez (2007) . The amount of fertilizer to be used was divided in three parts to avoid nutrient loss by lixiviation, given the high water conductivity of the soil. The first fertilization was carried out at the time of planting, and the second was carried out 15 days later, with the third fertilization being applied 40 days after the planting date.
5) Treatments:
Each of the treatments evaluated in this study resulted from the combination of the levels of each factor as listed in Table 1 . Note. H = Hybrid; I = irrigation; F = Fertilizer.
Variables Evaluated
1) Vegetative development:
In order to quantify the response variables to each of the factor levels, the following variables were evaluated during the vegetative development: Plant height (PH), considered to be the distance between the base of the plant to the last pair of leaves; stem diameter (SD), measured using a vernier caliper at the base of the stem; width (LW) and length (LL) of the first pair of leaves measured from the tip of each leaf to the base of the petiole; distance between nodes (DN), considered as the length from the first two lower nodes.
2) Flowering: During this stage, variable evaluated were the following: total number of inflorescences (NF), inner diameters (IDF), and external diameter of the capitulum (EDF), these measurements were taken using a vernier caliper, and weight of the capitulum at the time of cutting (CW).
3) Quantification of variables: Six plants were randomly collected from each experimental unit (small plot), which were used to determine the response variables.
Harvest
The harvest was conducted manually as the capitula from each of the hybrids reached the desired commercial size.
Statistical Analysis of Data
Data collected were subjected to analysis of variance as split plot arrangement nested in a complete randomized block design using SAS (2003). When differences were detected among variables from different treatments, the Tukey (1991) test was further conducted. Significance was declared at  = 0.10.
Results and Discussion
Physical and Chemical Analysis of the Soil from Experimental Plot
Results of the physical and chemical analysis of soil in the experimental terrain are presented in Table 2 . The type of soil is classified as clayey, with adequate content of organic matter, neutral pH, and is a non-saline soil.
The soil nitrogen and phosphorous contents were low, and can limit the sunflower growth; Instead, the potassium, calcium and magnesium content were high and very high for the latter two (IFA, 1992; Table 2 ) because of the calcareous substrate found. Because of that, the elevated concentrations of calcium resulted within the normal range found in the state of Campeche, which generally causes phosphorous deficiency because there is a fast fixation phosphorous in this type of soil, therefore immobilizing this nutrient (Sharpley, 2000; Hedley & McLaughlin, 2005; Chintala et al., 2010 Chintala et al., , 2014 . As a result of the soil chemical analysis, the following formulae were prepared: 60-50-0 and 30-25-0 using only nitrate and phosphate fertilizers, which are the nutrients that the soil was lacking. Figure 1 illustrates the temporal evolution of the soil moisture tension, which increased as the radical systems absorbed the water from soil. The way irrigation times were defined in each large plot is also included. The arrows indicate the time of the initiation of the irrigation according to each treatment. Irrigations were more www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 4; 2015 frequent for treatment R1 where the soil was maintained wetter, and irrigations was less frequent for treatment R3 where soil was maintained drier, though irrigations in the latter were of greater magnitude because the irrigation was stopped until the manometer of the tensiometer returned to cero. In other words, this happened when the soil was saturated with water. Once the irrigation was applied, the moisture tension decreased as a response to water supply.
Temporal Evolution of Moisture Tension
Figure 1. Evolution of the soil moisture tension
Note. Arrows indicate the time of the initiation of the irrigation for each treatment. Table 3 lists the number of irrigations and the water sheet applied to each treatment at each moisture tension level in each block. It also includes the average water sheet and the total water sheet that each treatment received at each moisture tension level. In order to maintain a lower moisture tension in the soil, more irrigation is required, with the total amount needed being more than three times greater compared to the amount supplied to the drier treatment. Note. IN = irrigation number, WL = water sheet, Aiw = Average irrigation water applied, Aiw+pp = Average irrigation water plus precipitation. Table 4 lists the mean comparison found from the three irrigation treatments for variables studied. Irrigation applied in the wetter treatments (R1) yielded values significantly higher (p  0.10) for variables PH, SD, LL, IDF, EDF and CW, and, even though no significant differences were found for the other variables, the greatest values were obtained when irrigation was applied at the lowest moisture tension (-10 kPa), except for variable NF. These results suggest that when the water stress is increased, blooming is stimulated, and a greater number of inflorescences are produced. Similar responses have been observed in other cultivated species (Southwick & Davenport, 1986; Cuevas et al., 2009; Uçan & Killi, 2010; Cuevas et al., 2012) . It is important to note, however, that this also resulted in smaller size inflorescences (Table 4) . Nonetheless, this effect was only observed in the hybrids "Prado Red Shape" and "GH 382", which are characterized for producing several inflorescences. The other hybrids only produce one flower per plant. The positive effect of irrigation when applied at low (near cero) moisture tension has been widely reported in a range of plant species (Chintala et al., 2012a (Chintala et al., , 2012b . For example, Kang et al. (2004) and Wang et al. (2007b) obtained better yields for potato when irrigation was applied at -25 kPa; Orozco and Perez (2006) obtained higher yields for banana when irrigation was applied at -10 kPa. However, the best profit to cost ratio was obtained when irrigation was applied at -25 kPa. Rivera-Hernandez et al. (2009 tested different values of moisture tension at the time of irrigation on the growth and quality of corn, and they found that treatments that were wetter (-5 and -30 kPa) had the best results from growth and quality. Sudhir-Yadav et al. (2011) tested different irrigation treatments for rice, defined based on the moisture tension in the soil at 20 cm deep: when irrigation was applied at -20 kPa maximum values for crop and maximum water productivity were obtained.
Analysis of Variance of Response Variables Evaluated
Factor Moisture Tension
For the production of sunflower, the effects of irrigation has been tested, response variables that have been tested are seed yield and the quality of the oil; significant effects of irrigation have been found for both variables (Flagella et al., 2002; Sezen et al., 2011a Sezen et al., , 2011b Jalilian et al., 2012) . However, none of these studies has utilized soil moisture tension as an indicator of the time when irrigation is needed. As for the production of sunflower for decoration, there is limited published information regarding the evaluation of irrigation. Friedman et al. (2007) tested the effect of irrigation with drinkable water and with treated waste water on the quality of the flower, but they did not evaluate different levels of moisture of the soil.
Factor Hybrid
The hybrid "Full Sun" was, in general, of larger size not only for variables characteristics of the vegetative development, but also for those defining the distinctive traits of the inflorescences: it was significantly taller, with thicker stems and longer distance between nodes compared to the rest of the hybrids (Table 5) . As far as the size of the flower, the hybrid "Full Sun" and "GH-382" had similar inner and external diameters of the flowers. Hybrid "Full Sun" had significantly lower number of flowers compared to "GH-382" and "Prado Red Shade", respectively.
On the other hand, the latter hybrid consistently had lower values for almost all the evaluated variables, being of lower height, with mid-size inflorescences having a size statistically similar to those found for "Sunbright". However, unlike the rest of the hybrids, "Sunbright" produced in average almost 22 inflorescences per plant, which contrasts the production of the others: "GH-382" barely produced a liter over 3 inflorescences. "Sunbright" and "Full Sun" only have one inflorescence per plant. Vol. 7, No. 4; 2015 Furthermore, hybrid "GH 382" produced capitula that were significantly heavier compared to the capitula of the other hybrids: in average their capitula weighed more than 250 g, maybe because this hybrid is primarily used for seed and for oil production (Diaz-Zorrita et al., 2003) , whereas the capitula for hybrid "Prado Red Shape" barely exceeded 60 g. In spite of the fact that the hybrid "Full Sun" produced larger capitula, its average weight was 119 g, a value much lower than hybrid "GH 382". These latter two hybrids were the largest. It is important to note that morphological differences found are a consequence of genetic factors.
Factor Fertilization
In spite of the low level of the soil fertility, mainly in the macronutrients nitrogen and phosphorous (Table 2) , the supply of the fertilization doses evaluated in this study did not have significant statistical differences in most of the variables. In addition, there were no edaphological problems observed in the plants due to nutrient deficiency. Fertilization level only had significant effects on the variables width of the first leaves, distance between nodes and weight of the inflorescences. Although, surprisingly, in the latter variable, the averaged maximum values were obtained when the lower fertilization level was applied (Table 6 ). For the rest of the variables, the higher values were obtained when the higher level of fertilizer was applied. Similar reports regarding the fertilization of sunflower have been conducted to evaluate the yield and quality of the seed (Ogunremi, 1986; Figueiredo & Grassi, 2007; Amanullah & Khan, 2011) . However, there is limited information evaluating the fertilization of the crop on the quality of the flower. For example, Ahmad et al. (2012) evaluated five levels of nitrogen on the development and nutritional state of two hybrids of sunflower; they found that fertilization with nitrogen stimulated the growth of the stem; it also stimulated the concentration of nitrogen in the tissues. However, level of nitrogen did not affect the days needed for cutting the inflorescences. Pereira et al. (2009) evaluated the fertilization of the hybrid "Sunbright" with potassium silicate, similar to our findings; they did not find clear differences in the morphological characteristics of the flower as a response to the treatments. 
Effects of the Double and Triple Interactions
We only found significant effects in the double interaction hybrid × fertilization for the variable weight of the capitulum. For the rest of the double interactions of the other variables, no statistical significant effects were found. These findings indicate that practically none of the factors interacted with each other. However, significant effects were found for the triple interaction for the variable number of total inflorescences per plant. Furthermore, highly significant effects were found for the triple interaction for the rest of the variables. These interactions, both double and triple, were primarily a consequence of morphological differences attributed to genetic factors among hybrids. These data are presented in section 3.3.2, which were considered as a factor in the experimental design.
Conclusions
Irrigation significantly affected not only growth variables, but also the morphological characteristics of the inflorescences of sunflower. We found that when irrigation is applied when the soil moisture tension is -10 kPa, maximum values variables for vegetative growth and quality of the inflorescences were obtained. More specifically, plants were significantly taller, with thicker stems, larger leaves, and larger inner and external inflorescence diameters. In addition, the weight of the flowers were significantly greater compared to treatments where lower levels of water were applied.
We found clearly no significant effects of the factor irrigation and fertilization on the variable number of capitula. This finding indicates that that variable depend on genetic factors rather than on the stress that the plants were experiencing.
Significant effects were found in all variables among hybrids for variables attributed to morphological differences due to genetic factors. More specifically "Full Sun" was taller with a larger diameter of the stem, whereas "Prado Red Shade" was significantly smaller. The latter had significantly higher number of capitula. The capitula of hybrids "Full Sun" and "GH 382" had diameters significantly greater and the capitula of "GH 382" were significantly heavier.
We only found significant effects of fertilization factor on the variable weight of the capitula. Double interactions for the hybrid × fertilization were not statistically significant, except for the variable CW.
Triple interactions of all evaluated variables were significant. Double interactions and triple interaction were observed as a consequence of morphological differences existing among hybrids, which are attributed to genetic factors.
www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 4; 2015 
